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fc«KSS*tt31ia2 5-C, ?x/N$i^IL, Cu 
10m *i^»®tcp*:#^tt. CuHI(7)te^^tT 

9 o C u gfilS 1 7 (D^m^ C u - B T A{bfr4fedS|»£BI 
Mltk Cu/S i 3 N 4 WffiOft#fcflfe#tta* 
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1 

#»**ht*»#istfcs: <t -raw** 
i E*<&**fc3£«<o«it*Sr« 

P) Lfcfg^ffifrXgtDSH^ ifflEKAAQrSSrffS d t 

fir? r i-t- * . 2*fctt3IB««>*i» 

o - h y ;u h y r m- h y ^ h y 7 

/U, p-hy/Uhy7/-/K ^^^r^y/M)7 

/k i - 1 kp ^r^y / hyr y— ^fd^ 

[«*Si 0] WEB6A»J^as*P*fi, 1 P pm~5% 
m i - 6 wv^i"n*McE*<o*8KMS«©»it*fe 0 
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2 Etta¥««£K<D8£:&&:. 

4] fflreMi£«[»ih«ttR»:, Si 3 N 4 J 
tzteS i ONffe5lt*»«tt5!»*Sl- 1 3 0> 
^rn?Wc:E*<o¥»*««o«ffi#tto 
[8t*«l 5] «B* «fc OftS&JRBHSrW-T 

M^CMPMLt, «ME&*E* XS 

*mmx\ mE&jRffi»05*ffiSr, Ktiaitsxi 
7] ffirEKAaatt, 

[B*Si 8] HuE«fci*»ti\ J/u^B^***-?* 
-l 8 0V^TixdMc:Ett^**tt:^*^^Si3fi*feo 

[»*3S2o] mEE»aifk-&*tt-r>'^^— 

2 1 ] ffiE«*5flat{fr&«5tt, ^>^M7 

y — o-hy/^yr ✓ — /k m-hy/^yr/ 

— /K p-hy/i/hy7/-/K */u#*^y/M) 
7/-;K l-tKo^W/hy7/-/K 

✓ h y 7/-;ut?fc5I t Sr»«t tS«*« l 9lEt 

[»*3S2 2] (mEBS**JOSS*D*«, 1 P pm-5% 
£ lit #*Si 5-2 1 ov^ftL^l: 
E^o^Wfr^^^^Ra**. 
[»#«2 3] ll(rEI«**Jtt\ *«K^<>-tfvai«r*i- 

txtD<D 2 aj^jh <Dm&M x vtez^t &&mk-r sis*: 

115-1 8O^Tn7!)^cE«C0^#^^^^^®iit^ 

I»*JS2 4] iWrE^ftJJl^^-tf^ai*:*-*"*^** 

51**312 3Ett<0¥Wfc««<&K3S*tt. 
[§S*3g2 5] mlE^/y ^S^tfi^^y»«n 
0. 0 1- 5%-C*5:tfe»»i:t5lll#«2 



3 

2 e ] fir#*s i5~25 eo^-rn^^fe*^* 

( B T A) ^fk^ftt'fcS* - B T At'fcS r t 
[0 0 0 1] 

ft»xa**tP***9oi^(0»iS**^BBU, £ bi- 
te, r©i5i**ft!>iA4:fflv^*«:SSl(0|ia 

[0 0 0 2] 

u^fE-f) iSffl^&noofcS, CuSrfflv^EHit 

^^r^-To * feast*, wO«axa^a3tts*w»i> 

[0 0 0 3) 18 (A) t^-t-cfc 5 (C, 1 0 

i 0 2 JBS£ffi-r) 4 if oJfelM! l 2*s»j«$*u, t&ftfll 
NftifO/<y Till 4ds»fiKSix, '>-Kffl^CuIl 

*y*\Z.£ V Cu 1 6 ^ttiff £*b£ 0 

[0 0 0 4] W±<&*9H**:*^1 SriJfciMSIlKn — K 
LT, l7(7)Cu-CMP IS 2 0t\ EMWfcrtKlCu 
^Lt, ±gi$(7)C u BI8 (B) tC^-TJ: 

51-, CuIB^l 7S:Mt5o 

[0 0 0 5] jfcfc, ^^7^Ii2 2X% ^ 

g;iii2 6T*yy^ I e:SLt, 86»««^e>r^o 

[0 0 0 6] *0>«L «I12 8"C\ *m&*^^<o 
mm±.lz, is» 3>«fkBt (BT, S i 3 N 4 «£K 
-t") , S i ONi^C ult»«IJl:*ft*HIS:i««i--5fc 
^(c, jSlglCi^b^ B8 (C) iZTfk-tXolZ. * 

mx.&s i 3 N 4 gi s&i&mzti 
[0007] a±onantH:, c 

3 N 4 «K««©*ffi**s:B-K41xa*T?onB, 
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[0 0 0 8] 

JO [0 0 0 9] C u^SScfflllhlfe^K^^^^^ 

CuES^SlCtny^ (hi 1 
l lock) d5|g^-t-5 • kfrtb^tio 
[ooio] WriELfc J: 5 4c u/c ul£1ft»Jhfle»K 
»H©*#5FAds*>5i, C uEI*fc««a s *nrt:fc §■ 
h U^{c«t «9 „ C u^C uIE^i: C utt^WJ-ih 
leHtDti: <OB<o|»KI»wA 9 » 9 <E>Eil8 4: OIB-C^ 

[0 0 1 l ] *UiliO»W#b«:, -to/gCBSrSSWL*: 
<t^5. 15fe(OJ:5 4it355to^ot 0 i-ftfc>*>. CMP 
Cutt1fc»jhlft»«OfiKI»JW^^*^^*« 
(CB§£;ft,& CuE*<0*8Ba s IMfc£tbTCuOx 

[0 0 12] Lfc^oT, *HdIB<£>3&iMl#e>tt:, Cufe 
Tfc, C uE)»*®as»{b£*bi\ Ifc^oTCuEl 

[0 0 13] Ufc*SoT*5SW^Btttt, *ftlJlll»S*t 

[0 0 1 4] *«W©fiOltttt, ^<^«t5****^ 
^ [0 0 15] #»S©$5)(:iwi«tt 1 CuffiftBSih 

[0 0 16] *jg^(D* P)tte(D|«fj:, tn^^(75^ 

^^[»ih Lfc^^^^g^ia3g^ii^tt*-r 5 w t ic*> 

[0017] 

5^ fc**«-e»lt5li:l-J:0, CuiSlft^®(cCu fc 



5 

#£-r£C£tcJ; *) % CuieHSffioHiboKJhSrEIS 

[0 0 18] C uE»^?)C uOffi«*aiihi-S^:*J>tC 
ft Ki»±(cffiS$tb6iffe^^> S i 3 N 4 , S i O 
N, S i 0 2 

I0 0 19J C u^B6A»Jt LTtt^ttfcfc 

hyr/-;u ( b t a) is*D^nrv^So bta^ 

5 9 4 rEH<D»rii^ftj , ft 1 1-405 

«l:§i^$tlTl^ D dft^Sffift CMPir[W]9# 
tC, fe5V^CMPE8lCBTA^CuSffil:j$«*-& 

[0 0 2 0] «0^fi, £jh,&«*tt«fcfi»fc9, C 
[0 0 2 1 ] K^SJctLT, &ff 

[0022] fl0tt»£Aflt{b-£fttt h y r 
r^^»fb-fr*-cfca 0 h y ry— /usufb-frfti: it 
r /— /k m-hy/uhyr ✓ — /k p-hy^hyr 

k kp^^/d tvu^yy h y TV— yi^&spif <t 

itf, • ^^v-^ y 7">T— • -5r$*^Xa^feT|TlE 
§titv^^;u^^y h'>y-X, flrffctfjicit 
^>yh42 (2, 2' - [ [ (>^-lH-^F 

[ 0 0 2 3 ] ZtlhV5-kft\<DmiWm*, lppmHi-? 

<obm «^a>jBSD*ft 5%^^^ 

[0024] z<om(om^MtLx^. mtmmmxh 

BT Aft t*<DV5&m km ffi<Dn?LX\ 0. 0 1- 5%^: 
i"5 5. 



(4) ^2 0 0 1 - 1 4 8 3 8 5 

e 

[0 0 2 5] J^iKOj:9^tSI»0Lfc*^ 
AfS) l:i5«II4, CMPift^gl^tt, MfcS/ 

&mft&t&^<Dtzfr<D*t o >fo&mzm^x, m&mm 

Sice uO&Mf&£tiZ&^fr&&ZfrbXtbZ> 0 
[0 0 2 6] ^(DJ: 9 ftHH&iBtf SfcfcKft 

10 [0 0 2 7] 
[0 0 2 8] 

[* l oUtSJ&ffi] Bill #f8^coSBi 0>3Mlli»«R-C 
$^:;K^6o Lfc^oT. El 1 (cft^Td 7 £: H 

[0 0 2 9 ] Cu-CMPIi2 0m ID 8 (A) C7> 

waft^s****^ i \zmtitztiitmmmi 2±<oc u 
(v-kcuis, ^^Cui6) ^Ayrsii 4$r 
cMPtfBLti»*u cuieii 7^«t6 m 

8 (B) #fig) o ft*3, CMP(Z)^7 y — CBTAftif 
OB6ft»JSraS*DUT, CuSffidS»{b$tLS<0«:KJJh-r 

[0 0 3 0] Cu-CMPtlt ^SUfrS^^Sffift 

[0031] ^^7/ffi*ii2 2tii> *i\ sfc-r 
[oo3 2] xf^ii2 4m *m&v 

o. o 3%*ig*£J; 9 *s«fe*fK* i 0 8?TO#W, 

t5 0 4*3, v/a»>M^ji*tt0. 0 1- l%«t 
feoTU<, ****Bfc#^*tSI*lintt 1 0-3 OS? 

t?fcott)tv\ s^fracwM^ 

[0 0 3 3] B*MIi2 5t% * :n^*fl5 «: 

CuEI»l 7<OBS*SrtT5.' BS**tt, 1 %<£> 
BTASr8S*DLfcBTA*SJKS:fflScL, 
l ^mteS^r^^ib, BTATKSKSri !) y 

[0 0 3 4] *(D^b°^y V* • JESI8 2 6T% 

[0 0 3 5] Se>»w*»W#btt. KtSJ^LT, 
5^ 2fl<Bffi«QAaUb£'tt, *fetta*3fi<0**3E»ai 



(5) 

7 

[0036] a* 3 m<Dmmx.mmk&voi$ hvrs- 

;K ^yu^^^y/hyr/-^, 1 - t: Ko^r 

^-e#5o ^bicfi, ^y/hyr/-;^l^ #J 
xJ£\ • y x^r— • ^ ^ ^yuX^h^brtilS 

^7^42 (2, 2' - [ [ (^f/^-lH-^y/F 

y 7^- /u- i ^^/u] t'^-^^y 

[0 0 3 7] CtlbRStM^»$fi, lppm%W 

[ 0 0 3 8] COffcOK**Jfc LTtt, »<k»ffiiJ»Jt?fe 

BTA*^(7)iStSJi^#X.t% 0. 0l-5%i 
[0 0 3 9] a_hC0j: 9(CLrt#tb^L7 , C^^fr'>3iXN 

2 8T\ S i 3 N 4 il 8 ^CVDffiiCj: 19 4 0 0°CT- 
10-1 5WILs 5 0 n m<DB:W-<D S i 3 N 4 JK 1 
8£j&§lU ^COjt^ /7X-7^bl^4 0 0 c C ) 7 
O^fpWSLT^rplBIl 9 £ 1 . 1 /2 m^l L>tz (HI 8 
(C) #&) 0 

[0 0 4 0] iti&#J£ It, ±J6^Xa^*5l>T, 
lfc0P H !, *«©Tf-tt«Lfc«, S i 3 N 4 

[0 0 4 1 ] *ni&mmzj:z>m&<OT&ub. \tnm<o 

t'fc^TOF - SIMS (Time of Fligh 40 
t— Secondary Ion Mass Spec 
t r o s c o p y) £r ffi V ^ T ^ 35 £* H ^ L , SffcR-Cfc 
5CuO*3j:t/KAIBti: It^c u-BTA^MI 
SrP^fco TOF-S IMSIt K» 0£*#*^'> 
1) <D«aH^lJfc^^>&^/^tt^BRItL-C*t»«B 
2 c 0 2 #c>f;*- 

[0 0 4 2] Cu-BTA, CuOKol^Tte, 
y ■ Kftli 2 6 cD'{gT\ d>0, S i 3 N 4 «II 50 
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— m4\Z7jk-t 0 M2 (A) , (B) f*, ^rft^frCu 
4liCu-BTAl:o^T(7)TOF-S I MSKil 

■cfc-60 m2 (a) . i4i:^^t, mmt&m u*- 

>*V>h$k*{ZW:m& (AU) -C*Lfcfc0>) « 

[0 04 3] 12 (A) fi, ^b°>y • KJS (EI 1 
OI§2 6) Lfc*3H(:9xAl £7 0lB*« + »wtt« 
Lfctg, TOF-S IMSfaDCuOM^SteU 
Wffc6 0 El 2 (A) <z>9J5£j|£*a* b «fc o l-s 
<9BSft«!fa (BTA^I) 

(BTAM4U ^T^tl5«t9lC BT 

A^^^ixs^ 7 y -t-cMP u 1 -efc 

[0 0 4 4] i2 (B) tt % ^ft^x^l^^tVy 

m i<djlu2 6) Lfca, l 

2 (B) K*W-J:3fc, JttfeM (BTA»14L) tt. 
*«0»^**D4: i: t>»CCuOS»«dSHWDU, Cu(£)g£ 

(BTAMlfo!)) f*. a«0ftdSi#ADLTt>CuOaS 

«^*t3!iD^»^»*»-e*>9 , c u£>®Kfc:asittTUc:< 
[0045] i2 3fi, ¥m#z^^ 1 trvy 

^•ftft (0KOIS2 6) L*l*SL L 

[0 0 4 6] 0 3Oit«0»J (BTAfcliL) 
5£9(C. BTA^t§tl5^7y-t'CMPl/c* 

[0 0 4 7] wtt^^fLT. (BTAMIfcf?) 

[0048] m4t*. ^tvy • g;^ (eiicoxs 

2 6) Lfc***»?a:/M *7 BlH^ft + ^ttMLfc 
TOF-S IMSia^Cu-BTAM^rKl 

[0 0 4 9] BI4 0»JS3B*^e>Wfc*»*J: 3t-> Kft 
&lt^*3fft!>i^iH:ov>tii % E5AflS<5: LT<oc 
u-BTA^#ft«Et^f: 0 ^^c, tt&m (BTA 

-t'CMPim»?iAitfcott, Cu-BT 



(6) 
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[0 0 5 0 J *HJ6JBffi»cJ: 9 W4*aaLfc*» 

0 3 0»gt&^ 7B»ISl:Si 3 N 4 £ 
J^BSLfcfcOfCOV^ Cu/S i 3 N 4 #ffiO«#tt 

a>fc*j#ftfcS i 3 N 4 K<a»B<a#&if«L*:o 

Cu/S i 3 



[0 0 5 i]K(te*Sr, «ii:*t. 
fcJ:5l;^ BTA*&«fcL0>fc0>«CoV*TM\ 
twi:o^rt) S i 3 N 4 K<o*]iftSiXi&s^C. 
^•ft*Ifi2 6S:fTofca, ^ItiujftlltS i 
3 N 4 M«:rilllW-S*-COJBIIBl3fts«< ttixtfftSliif, 
H*sn** s *<ft9, Cu/S i 3 N 4 #®OS;Stt^ 

h<D\z.i\,^TlL 7B£fcgt£lcS i 3 N 4 ^_h£ri£^L 
tt^t'fcott), S i 3 N 4 tttG>M&tltti1£< x Cu 
JO /Si 3 N 4 8tw«*tt3&sA»Tfc5^i:dSto^5 0 

[0 0 5 2] 

[311] 







IBM 


3 0M 


7 0ftl 






5 


1 0 


1 9 


4 4 


BTA^ilfe!) 


0 


0 


0 


0 



1 0 0fi©#B(lnnA)^5^*a J ftfc#*B*>tt 



[0 0 5 31 I2CB TAfiS ^ S i 3 N 4 DEO M £3*1 
»i:£>BB««:*i\ **ttK»^*&fi, #*ggtf)BT 
A**m:****:fi^l £l 0«?Wa»Lfc«, ±» 
(OX 5l-tt»^-^-S i 3 N 4 K*sf+»LfclKB0>S 
£ff*Lfc 0 8 2K^£*x5J; 5 BTAiS^lp 
p 1 %tC^3V>T, S i 3 N 4 R<OM*SJxtt& < . C 

u <b S i 3 N 4 R£o«*ttasA#T?fc*r 

5 0 BTA«*f4i%wjiTtw*fta**s»bn* 

a*, B T Att*l:» Lt 2 - 5 %H±tt*)H U4v\ 
[0 0 5 4] 
[*2] 



[0 0 5 5] X 3 ^ 
^(ft^&L^l (BTAM) 2 5 £ 
N 4 W<0#]A5tt»toH«S:K* 

[0 0 5 6] 
[S3] 



I) 2 4 
S i 3 

i3 N 4 1 



B TAS$ 




1% (lOOOOppra) 


0 


0. 50% { SOOOppm) 


0 


0. 10% ( lOOOppra) 


0 


0. 05% ( 500ppm) 


0 


0. 01% { lOOppm) 


0 


0. 0050% ( SOppm) 


0 


0. 0005% ( 5ppm) 


0 


0. 0001% ( lppm) 


0 


0. 00005% ( 0. 5ppm) 


4 



30 



40 











*> 9 


BTAM 










(7 e#B&j&0i) 












4 0 


3 0 


4 4 


0 



MLtt, s i 3 N 4 R^**ttticBfc#-o**v\ * 50 »-e#fcv*. ^o«t5i-, K4M2 5liCuSIiSffl 
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[0 0 5 8] f&<DKA#J<t IT, ttfttfPSUabXa 

£>3#y **IS<D 1 %*S«&BTA*8»<Z>tt;*>«3 I- 
ffl^T, ¥»*»*'^&f£»U *M*lciP, 3B, 

sl/io iteso/ctotc:, o. i%bt AT^mm, i%b 

[0 0 5 9] $J£££m£. Hi5fC^-r o *«HW*t» 70 

^otc uiE*<Dv- hfefet^^ib^^^ < fcsas, b 
^f^t), cuEift^JBA^Pfiitu h«tt<o*fk 

[0 0 6 0] Sfc, BTA7K^ffi*5<tt/^y y^ifc** 
fST*B?^SLfc**fls:^S«-oVNT, Si 3 N 4 R/ft 

[0 0 6 1 ] 

<7>SBI;l, ->zi.'?K*®?«^BTASrjS*Di-SCi:Jc«t 

[0 0 6 2] Ig3 0t1t fflx.fl 0. Q3%<D*s=. 
V&Lks 0. 5%^BTA**W»Lfc**«*:, 

oCuO«* *«IB *fc, BTAlil 
1 »**JB«Si: ra». KAtl^tl, BTAfc'lt-e* 

li:hbO2iai(0S^ftj:»)45IS4ai5taiT«) 

[o o 6 3] &mwAsnk&fa<n—mte, <{>yy—/u 
x&>z> 0 

[oo64] mm 3 m<nmm3E.mmit&mz hvrs- 
r^^3R{k^*"C*>s. h y ry-/u*ft-&»i: it 
r y — /k m-hy^hyr y — yu, p-hy^hyr 50 
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t Kd^t^d f;^<yy K y 7y-;Hf«r#lf5ri: 

• y -r^f— • ^/u-Xtfc^ibrfTlS 

^tL-Ci/>6-C/^^> :y h v*y — *\ *ft:Ml-«i. Jflsfi 
^yM2 (2, 2'-[[ ^/u- 1 H-^<y/ h 

y r yu- i >^v^] >rsy] t -^l^ / 

[0 0 6 5] r*lb8SAS»J^>a^*D*tt, lppm%J£*± 

[0 0 6 6] r<ote*)IB£»Ji: Ltlt Kfk»fBiJ?B-efc 

BTAft4fOR**JfclRl*<0#*."C, 0. 0 1-5%£ 
[0 0 6 7 ] #5li6^iigKL;fc5V*-Ck, miO^Ml&ifet 

t:t4<, Cu/Cutt»»ihilfel»ffl|o«»tta:BS:# 
[0 0 6 8] 

Zk&X$, ftJHE**BB»ctoy^3fts»feU4 

[0 0 6 9] *«MJc«SBSAffl!3att, Jf Pflif&StJgli: L 
Ti&Sf®^ (Low-K) IR&tefflU :^Low-K 

Low-KKli, S i 0 2 IBttCit^T*^*:^^-*- 

I, C uiEj»dS|ftfk;$n j ? 9 i-< 45o L*pU *JH3B9J 
<7>*ft^J:ixtf, CuEjtfttSi 3 N 4 IHti:^**tt* s 

[ElDSOlK*^iaP^] 

[mi] *mw<Dmi<DnmMmx?hz>*m&m&<owi 

[0 2] CuOlCOV^t^TOF-S IMSi^SSr 
[0 3] W»}:o^t^TOF - S I MSfflJ&ttXfr 
[04] Cu-BTAl:oV>T©TOF-S IMS»l3t 



13 

[ins] ->- h&m.<nffl&m% : &m^-mx'3bz>. 

[12 7] ^'/yc uE«t<Wit5«*«)ti#il 

wsait w it * d -c 5 o 

[18] «itiaic:*irt54 t ***:x:'^0>»#K»"e*> 

So 

i o *m#&m 

1 2 ^j^^SP: 

14 s<vrm 

15 C ufll 
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16 ^y^rCu 

17 C u sin 

18 Si 3 N 4 I 

1 9 erasi 

2 0 Cu-CMPII 
2 2 *t7-?WfrTM 
2 4 ^fcT^JfefrXS 

2 6 * hf>y • 

2 8 /&jg|X^ 

70 2 9 SMKARXS 

3 0 (^fcrvft»+K*«a) ii 




[0 2] 



[B4] 



(A) 




BTA&Si>«5 





30 






3 


25 


< 




§ 


20 


ft 
< 


15 


H 




CD 
1 


10 


3 




u 


0 



Cu-BTA 












^BTAft8*>9 











141.06 



[1235] 



10 



(B) 




(9) 



mm 2001-148385 



20 / 



Cu-CMP 



[ID6] 

26 

S i 



28 29 

j L 









v V 







[[g]7] 



22 24 26 9R 9Q 

I ^^^^ s 



Cu-CMP 





















j 









v V 




j 



[138] 



(A) 




12 14 10 



(B) 




1 7 



(10) 
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HH11 HH12 HH21 HH32 MM01 
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